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Abstract
Introduction—Improved health outcomes are associated with neonatal and pediatric critical care 
in well-organized, cohesive, regionalized systems that are prepared to support and rehabilitate 
critically ill victims of a mass casualty event. However, present systems lack adequate surge 
capacity for neonatal and pediatric mass critical care. In this document, we outline the present 
reality and suggest alternative approaches.
Methods—In May 2008, the Task Force for Mass Critical Care published guidance on provision 
of mass critical care to adults. Acknowledging that the critical care needs of children during 
disasters were unaddressed by this effort, a 17-member Steering Committee, assembled by the 
Oak Ridge Institute for Science and Education with guidance from members of the American 
Academy of Pediatrics, convened in April 2009 to determine priority topic areas for pediatric 
emergency mass critical care recommendations.
Steering Committee members established subcommittees by topic area and performed literature 
reviews of MEDLINE and Ovid databases. The Steering Committee produced draft outlines 
through consensus-based study of the literature and convened October 6–7, 2009, in New York, 
NY, to review and revise each outline. Eight draft documents were subsequently developed from 
the revised outlines as well as through searches of MEDLINE updated through March 2010.
The Pediatric Emergency Mass Critical Care Task Force, composed of 36 experts from diverse 
public health, medical, and disaster response fields, convened in Atlanta, GA, on March 29–30, 
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2010. Feedback on each manuscript was compiled and the Steering Committee revised each 
document to reflect expert input in addition to the most current medical literature.
Task Force Recommendations—States and regions (facilitated by federal partners) should 
review current emergency operations and devise appropriate plans to address the population-based 
needs of infants and children in large-scale disasters. Action at the state, regional, and federal 
levels should address legal, operational, and information systems to provide effective pediatric 
mass critical care through: 1) predisaster/mass casualty planning, management, and assessment 
with input from child health professionals; 2) close cooperation, agreements, public-private 
partnerships, and unique delivery systems; and 3) use of existing public health data to assess 
pediatric populations at risk and to model graded response plans based on increasing patient 
volume and acuity.
Keywords
emergency mass critical care; influenza pandemic; mass casualty care; pediatric critical care; 
regional systems of care; surge capacity
In large public health emergencies, such as natural disasters, terrorist attacks, pandemics, 
and other mass casualty events, population outcomes may depend on our ability to extend 
intensive care resources to serve unprecedented surges of patients that will overwhelm 
normal critical care resources. The Task Force on Pediatric Emergency Mass Critical Care 
(PEMCC) calls for comprehensive plans to provide mass critical care of infants and children 
in public health emergencies. We endorse and apply the approaches outlined by a similar 
adult task force (1). In a large public health emergency, critical care resources must be 
organized to at least triple the numbers of functioning intensive care unit (ICU) beds for 
infants and children within each region for up to 10 days without outside assistance. Mass 
critical care would extend essential life-saving interventions, while delaying or forgoing less 
urgent interventions. All plans must anticipate any type of emergency, whether sudden or 
sustained.
Pediatric needs in a large public health emergency would exceed the resources of individual 
facilities and could be served only by using all available resources across a region (2, 3). To 
facilitate comprehensive planning and to assist decision makers in public health 
emergencies, this report describes existing resources necessary for PEMCC and the regional 
organization of these resources. The Task Force recommends improvements that build upon 
existing regional systems of care.
Regional systems for conventional critical care
Ideally, critical care of infants and children involves a continuum in which prehospital 
emergency medical service providers respond quickly to a crisis. Resuscitation and 
stabilization starts at the prehospital site and continues at a nearby emergency department. 
For low-risk conditions, satisfactory hospital care is often provided at a nearby nonpediatric 
community hospital. For medically complex children or those with high acuity or high-risk 
conditions, critical and subspecialty care is provided at a regional pediatric hospital (4–6). In 
routine circumstances, decisions about the distribution of patients to hospitals are not 
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determined by clinical criteria only, and may rely on prior or existing specialty care 
relationships, familiarity, and convenience, especially in children with special healthcare 
needs. Interests of payers and business affiliations among privately owned healthcare 
organizations also influence hospital choice (7–10).
Survival is improved when infants and children receive appropriate pediatric critical care 
(11, 12), neonatal critical care (13, 14), or trauma care at a pediatric or pediatric-capable 
adult trauma center (15–17). Despite the evidence that specialized pediatric services are 
beneficial, regional obstacles may interfere with use of existing critical care resources for 
infants and children even in everyday circumstances (18, 19). Regulation of health care in 
general and efforts to promote regional systems of care specifically are defined by states in 
the United States and provinces in Canada. Regulation varies widely, but no comprehensive 
inventory has been published describing the development or regulation of regional systems 
of pediatric care across North America.
Regional systems for public health emergencies
Regional systems for responding to public health emergencies are outlined by the U.S. 
Department of Homeland Security in the National Response Framework and by the Institute 
of Medicine (20, 21). Emergency operational planning and responses are managed by the 
immediate jurisdiction. However, events that require consideration of mass critical care 
would also involve state and federal authority. The Incident Command System provides a 
decision-making and coordinating process that enables a broad network of agencies to plan 
and organize emergency responses. The Incident Command System can be scaled to any 
type or size of event and is compatible with authority at any jurisdictional level. However, 
the usual chain of command within each participating organization should be maintained, 
with coordination across organizations and jurisdictions according to the specific 
emergency. This report considers a “region” in a public health emergency to be a portion of 
a state functioning under the control of a public health leader. Such local controls are 
typically located within a county or city department of health operating under the authority 
of state public health emergency powers (22). Decisions in a public health emergency are 
made by leaders located at an emergency operations center at a regional, state, or federal 
level, as discussed in the article, “Pediatric emergency mass critical care: The role of 
community preparedness.”
Authority is granted by existing laws giving public decision makers temporary emergency 
power to direct the use of private resources. Authority to implement temporary emergency 
mass critical care in individual hospitals in a sudden-impact emergency is implied within 
hospital emergency incident command procedures. However, authority varies from state to 
state regarding alteration of usual standards of critical care in a sustained emergency mass 
critical care response. Likewise, at the time of this writing, authority and liability protection 
in many states is ambiguous with regard to triage allocation (rationing) in emergency mass 
critical care (see the article, “Legal considerations during pediatric emergency mass critical 
care events”).
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Existing resources for PEMCC
Conventional critical care accommodates seasonal and random variation in ICU occupancy. 
Normal daily variation in patient volumes, or local seasonal disease outbreak, results in 
ordinary surges in which ICU needs amount to 110% to 115% of usual peak capacity. An 
ordinary surge usually is handled within the normal operating procedures of a hospital, and 
clinical interventions continue as usual. Standards of care during these surges are 
functionally equivalent to conventional care. In contrast, extending PEMCC to triple the 
usual numbers of patients requires crisis operating standards as well as crisis standards of 
care (“altered care standards”) that differ from conventional care. Planning for PEMCC must 
be based on information about existing resources so that they can be organized effectively in 
a public health emergency. Unfortunately, national information about existing pediatric 
emergency and critical care resources is limited.
In this section, we provide an overview of published information about existing resources 
and application of these resources for PEMCC.
Pediatric Prehospital Resources
Performance measures associated with Health Resources and Services Administration 
Emergency Medical Services for Children grants to states have required improvements in 
pediatric medical direction for prehospital providers, pediatric equipment in ambulances, 
identification of hospitals with pediatric emergency capabilities, implementation of 
interfacility transfer guidelines, and pediatric education of prehospital care providers (23–
25). Progress toward these goals varies by state, although systematic reporting has not yet 
been achieved.
Pediatric Prehospital Resources in Public Health Emergencies
Gaps in pediatric prehospital planning for public health emergencies have been identified 
(26). Nationwide, 73% of emergency medical service agencies had a written plan for mass 
casualty responses, but only 13% had plans for a pediatric-specific response, and only 19% 
had pediatric triage protocols. Although 69% of agencies participated in disaster drills in the 
previous year, fewer than half of the drills included a pediatric component (26).
While little pediatric-specific experience has been reported in prehospital responses to 
public health emergencies, it is likely that deficiencies reported for care of the general 
population in sudden-impact events would also pertain to care of children (27). 
Transportation of patients to hospitals is often performed by private individuals in a variety 
of nonambulance vehicles, without field triage, stabilization, or decontamination. These 
often involve the least severe patients, and they tend to arrive at hospitals first. Prehospital 
responses by emergency units often lack control by a central dispatching authority and have 
no influence on the appropriate distribution of patients transported independently of 
emergency medical services. As a result, hospitals lack vital information on numbers and 
types of anticipated casualties.
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Hospital-Based Pediatric Emergency Resources
In 2006, the Institute of Medicine reported on the status of emergency medical services for 
children in the United States, noting it to be “uneven” (28). In day-to-day emergency care, 
nearly 90% of children are brought to an emergency department (ED) in a general hospital 
by virtue of their location within communities. Among 4,800 U.S. hospitals with full-time 
EDs, 55% serve fewer than 4,000 children annually and 50% of EDs care for fewer than ten 
children each day. Among EDs, 53% admit children to their own hospital even though no 
separate pediatric area is available, while 37% admit to a dedicated pediatric ward within 
their facility; only 10% have a pediatric ICU (PICU). For those hospitals lacking a PICU, 
2.5% of EDs admit children to an adult ICU within their hospital, while the others transport 
these children to another hospital. Fourteen percent of EDs report having a pediatric trauma 
service; 4% use other services to care for inpatient trauma at their hospital, while the rest 
transfer children to other hospitals for trauma care (29, 30).
It is imperative that all hospitals be capable of providing effective emergency care for 
children of all ages (31). This requires advance planning and the presence of appropriate 
resources (medications, equipment, supplies, policies, staff training, and continuing 
education). Hospital ED readiness for children may be facilitated by the presence of a 
physician and nurse coordinator for pediatric emergency care (29). Improving baseline 
emergency preparedness is important since it likely translates to improved PEMCC 
preparedness.
Identification of the appropriate coordinators is important because nationally, 1.6 pediatric 
emergency medicine physicians each serve 100,000 children. Six states have no board-
certified pediatric emergency medicine physician, and only 3% of pediatric emergency 
medicine physicians practice in rural areas (32). The average population-weighted travel 
distance to a pediatric emergency medicine physician is 35 miles (75th percentile = 44 miles, 
90th percentile = 122 miles) (33).
Pediatric Emergency Resources in Public Health Emergencies
In an Arkansas survey, only 13% of ED directors reported having a pediatric mass casualty 
protocol, and only 28% of hospitals had pediatric issues incorporated into their disaster 
plans (34). For trauma-intensive public health emergencies, ED surge capacity may be 
determined more by trauma service capacity than other ED or inpatient resources. It is 
estimated that a hospital that can provide five trauma teams can manage 30–40 casualties in 
the first hours after an incident, including five to seven with injuries needing immediate care 
(35).
Pediatric Hospital Resources
No national classification of hospitals with respect to levels of pediatric services is available. 
Therefore, it is difficult to describe pediatric hospital resources and their utilization across 
the United States. In a study of hospitals in New York State, the most comprehensive 
pediatric hospitals each served regional populations of 1.7 million (all ages), accounting for 
care of 29% of pediatric (0–14 yrs) hospitalizations (36). In New York, the comprehensive 
pediatric hospitals share resources with adult services; only one is a free-standing children’s 
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hospital. Most children receive hospital care at less comprehensive pediatric facilities, or at 
nonpediatric hospitals (37, 38).
Pediatric Hospital Resources in Public Health Emergencies
Vacant functioning hospital beds to accommodate public health emergency surges may be 
identified on the basis of historical daily occupancy and empirical peaks in occupancy (39). 
New York State provides an average of 268 vacant functioning pediatric beds (ICU plus 
non-ICU) per million age-specific population (0–14 yrs). Vacancies decline to 193 per 
million during periods of high baseline occupancy on winter weekdays, and increase to 328 
per million during periods of low baseline occupancy on summer weekends. Comparable 
New York statewide available hospital vacancies for adults are 555 per million age-specific 
population (seasonal range 328–733 per million).
Pediatric Critical Care Resources
A national survey revealed a peak capacity of 54 PICU beds per million age-specific 
population (0–17 yrs) (40). Among 349 PICUs reported in 2001, half had no more than eight 
beds each. Nationally, an average of 1.6 pediatric intensivists serves each 100,000 children, 
but state-by-state variation is wide (41). No pediatric intensivist was available in Montana or 
Wyoming, and an additional seven states had less than one intensivist per 100,000 children. 
Their national distribution results in an average population-weighted travel distance of 26 
miles to a pediatric intensivist (75th percentile = 33 miles, 90th percentile = 90 miles) (32).
One hundred seventy verified trauma centers with pediatric capabilities are distributed 
nationally among 41 states (42). Ground travel distance is no more than 1 hr for 43% of the 
population, and 72% of the population can reach one of the trauma centers by air within an 
hour. One-hour access varies from 23% of the population in rural areas to 94% in urban 
areas. Even with distance as a barrier, outcomes for the youngest and most severely injured 
children appear to be maximized in pediatric trauma centers (43).
While the number of burn centers dedicated to pediatric care is negligible (40), 128 self-
reported and 51 verified burn center hospitals are available nationally (44). Ground transport 
access is 1 or 2 hrs to a verified burn center for 25% or 46% of the population, respectively. 
Air transport access is 1 or 2 hrs to a verified burn center for 54% or 79% of the population, 
respectively. Access tends to be better in the northeastern United States, and worst in the 
southern United States.
Pediatric Critical Care Resources for Public Health Emergencies
Since the average occupancy for PICUs is 61% (40), fewer than 30 vacant PICU beds per 
million age-specific population would be available in a sudden-impact public health 
emergency. Given that pediatric critical care resources are limited, any aspect of a public 
health emergency that reduces the capabilities at any of the few pediatric facilities may 
severely degrade pediatric critical care services throughout a region.
Quantitative modeling studies of hypothetical sudden-impact public health emergencies 
suggest that many more children could be accommodated with better survival if regional 
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distribution of patients could be controlled to take advantage of all available regional 
resources instead of overloading facilities near the scene of a sudden-impact incident (45). 
Regardless of the ability to control patient distribution, PEMCC approaches would increase 
the probability that large pediatric patient surges could be accommodated, with better 
population outcomes, in sudden-impact events or in a sustained crisis such as a pandemic 
(45–47).
Neonatal Critical Care Resources
Regional systems for neonatal critical care were developed decades earlier than pediatric 
emergency and critical care services. However, regulation of neonatal ICU (NICU) services 
still varies substantially across states (48). In general, neonatal critical care is provided in 
units at three levels of care. Units providing the most advanced technology and specialized 
personnel often share resources with PICUs in the same institution. Among >4.3 million 
annual births, 6% of newborns receive NICU care because of prematurity, birth defects, or 
complex maternal conditions requiring urgent delivery (49).
Accurate national counts of NICU bed capacity have not been published. A voluntary report 
of neonatal beds submitted to the American Academy of Pediatrics, Perinatal Section, 
estimates 809 level III centers (24,907 beds) and 148 level II centers (1,417 beds) nationally 
(communication with Dhilip Bhatt, MD, FAAP, American Academy of Pediatrics, Section 
on Perinatal Pediatrics, December 2009). These estimates indicate wide national variation 
from <1 NICU bed per 1000 live births in some rural states, to >13 NICU beds per 1000 live 
births in some urban areas.
The neonatology physician workforce is larger than that for pediatric emergency and critical 
care, with most states having between three and eight neonatologists per 100,000 children 
(50). The population-weighted travel distance to a board-certified neonatologist is less than 
that to other pediatric emergency and critical care services, averaging 15 miles (75th 
percentile = 44 miles, 90th percentile = 58 miles) (33).
Neonatal Critical Care Resources and Public Health Emergencies
Far less attention has been given to planning for neonatal care than for pediatric and adult 
critical care in public health emergencies. However, recent experience with the 2009 
Influenza A/H1N1 pandemic indicates that conditions involving pregnant women may result 
in a surge of newborns needing critical care (51). Among 94 pregnant women with influenza 
A/H1N1 hospitalized in California in 2009, 12 delivered 13 infants during the 
hospitalization. Eleven of these infants were delivered prematurely, and all 11 were admitted 
to the NICU, primarily for management of medical complications of preterm birth. Although 
none of the infants had evidence of influenza, their critical care needs were attributable to 
maternal illness. In addition, the 2009 Influenza A/H1N1 Pandemic raised important 
infection control concerns, due to exposure of neonatal care providers to influenza A/H1N1 
and spread of the virus in the nursery. Highly contagious infections can affect hospital 
personnel in PEMCC, and the use of neonatal beds and providers for older children with 
infectious disorders requires careful planning.
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Inventories for many other resources necessary for PEMCC would be helpful to planners 
and decision makers, but data are not available. Stockpiles of ventilators appropriate for 
adults and older children have been considered by the adult task force (1), but supplies of 
ventilators specifically designed for infants are not known (see the article, “Supplies and 
equipment for pediatric emergency mass critical care”). Likewise, we lack information on a 
wide variety of other important resources, such as negative pressure isolation beds and 
resources for interhospital transport.
Pediatric-specific challenges in public health emergencies
Historically, as many as 30% of hospitalized victims of all ages in public health emergencies 
have required intensive care (52–54). Critical care needs projected by the Department of 
Homeland Security National Planning Scenarios could exceed the entire national ICU 
capacity (1). Children account for 6.9%, 6.6%, 6.6%, and 7.1% of the population in age 
categories of birth to 4 yrs, 5 to 9 yrs, 10 to 14 yrs, and 15 to 19 yrs, respectively (55). In a 
public health emergency affecting all ages proportionately, pediatric patients would account 
for 20% or 27% of all patients, if pediatric patients were classified as 14 yrs and younger, or 
19 yrs and younger, respectively. No evidence is available to define age-specific limits for 
which specialized pediatric services are beneficial. However, the benefit is probably most 
important for infants and young children, and children of all age groups with special 
healthcare needs. These groups are physiologically and behaviorally vulnerable and may be 
overrepresented in public health emergencies, such as those involving a pathogen targeting 
infants, children, or pregnant women (e.g., 2009 Pandemic Influenza A/H1N1) (51, 56). A 
natural disaster involving schools or other pediatric-specific activities, or terrorism 
specifically targeting children, would result in surges of children disproportionate to the 
overall population (57, 58). Whatever proportion of a surge is made up of children, planners 
should anticipate that a disproportionate number of the children needing intensive care are 
vulnerable by virtue of chronic health conditions and special healthcare needs. In ordinary 
daily PICU activity, children with chronic health conditions account for 41% of admissions 
(59). In the 2009 Influenza A/H1N1 Pandemic, among children with severe illness who 
died, 67% had one or more high-risk medical conditions, especially neurodevelopmental 
disorders (56).
Task force suggestions
All preparations for pediatric mass critical care must build on a foundation of effective 
conventional services for critically ill or injured children. All preparations for mass critical 
care for the general population must include pediatric aspects. For this to occur, pediatric 
experts must be involved in all aspects of emergency and disaster planning.
States and Regions
1. States should reaffirm ethical norms in PEMCC (see the article, “Ethical issues in 
pediatric mass critical care”).
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2. States should ensure that all hospitals are prepared to provide care for children in a 
mass casualty scenario, including a level or scope of care beyond what they might 
ordinarily provide during normal operating conditions. This would include 
inpatient care for children that would otherwise be transferred to a regional 
pediatric resource center during normal operations.
3. States and regions should facilitate PEMCC by providing the legal protections for 
those involved in PEMCC. A more complete discussion has been reported by the 
Institute of Medicine (21) and in the article, “Legal considerations during pediatric 
emergency mass critical care events.”
4. All hospitals with a PICU or NICU must prepare for and provide PEMCC in a large 
public health emergency when authorized by state public health officials (see 
“Treatment and triage recommendations for pediatric emergency mass critical 
care”).
5. States should plan to share scarce resources with neighboring states to meet the 
needs of a pediatric patient surge and optimize pediatric critical care capacity in a 
mass casualty event. Relationships such as these may already exist for regional 
pediatric resource hospitals during normal operating conditions, but further 
planning is required to accommodate crisis operating situations.
5a) Since nearly all of the care resources for pediatric (and neonatal) tertiary, 
subspecialty, and critical care reside in the private sector, there should be 
an effective public-private collaboration at the local, state/regional, and 
federal levels for such planning.
6. States should develop pediatric-specific performance criteria to hold regional 
systems accountable for PEMCC preparations and responses.
7. At all jurisdictional levels, practice is essential to develop and maintain proficiency 
in PEMCC. Federal agencies can provide resources and coordination of these 
efforts (see the article, “Education in a pediatric emergency mass critical care 
setting”).
7a) Exercises may include full-scale simulations, tabletop exercises, and 
aspects of responses that are embedded in everyday practice. Responses 
should be practiced within, as well as across, responding organizations 
and agencies.
7b) State guidance is necessary to specify required types and frequencies of 
these exercises.
7c) All mass casualty practice exercises must include pediatric components. 
All planning jurisdictions should include at least one pediatric mass 
casualty event per year.
8. Hazard vulnerability analyses should estimate anticipated pediatric mass critical 
care needs, including especially vulnerable populations (children with chronic 
health conditions, non-English speaking, uninsured) and facilities that serve large 
numbers of children (schools, day care, recreational facilities).
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9. Inventories of functional resources (staff, stuff [equipment, supplies], and space) 
for mass critical care must be performed at every hospital with an ICU. Counts of 
administratively certified beds may overestimate functional capabilities. Pediatric 
resources must be specifically identified.
10. Regional and state information systems should be developed to track critical care 
needs and resources in real time during public health emergencies to direct the 
distribution of patients and resources. Needs and resources for children must be 
specifically tracked since age-specific critical care may be warranted.
11. Operational plans for mass critical care and triage allocation (rationing) must be 
integrated across all jurisdictional levels and all response agencies, and must be 
integrated with all aspects of emergency preparedness planning. Operational plans 
must be graded according to the size of the public health emergency, with criteria 
triggering specified aspects of mass critical care and triage allocation (rationing), 
and associated crisis standards of care (see “Treatment and triage recommendations 
for pediatric emergency mass critical care”).
12. Regional mechanisms should be defined to direct the distribution of patients and 
resources in a public health emergency (see “Treatment and triage 
recommendations for pediatric emergency mass critical care” and “Supplies and 
equipment for pediatric emergency mass critical care”).
12a) Since pediatric resources may be very scarce, public health decision 
makers may need to reserve the highest level pediatric resources for the 
youngest or sickest patients, while older and less severe patients may be 
directed/ redistributed to adult facilities.
12b) In some cases, the resources of PICUs and NICUs may be shared to care 
for either a large number of infants or a large number of older children, 
adolescents, or young adults.
12c) In some cases, interhospital transport of critically ill patients may be 
prohibitive, requiring transport of staff and supplies to an overloaded 
hospital rather than transporting patients to another ICU.
Federal
1. In very large or sustained public health emergencies, federal assistance and 
coordination will be necessary (60). Plans for federal involvement should be 
consistent with state plans for mass critical care and triage allocation (rationing).
2. Federal expertise and guidance should promote consistency in informing state laws 
and regulations regarding mass critical care and triage allocation (rationing) in 
public health emergencies.
2a) Federal expertise should assist states in planning for pediatric mass 
critical care and triage allocation (rationing).
3. Federal incentives, specific readiness requirements, readiness, and performance 
measures germane to pediatric care capabilities and capacity are necessary to 
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ensure that all states prepare sufficiently for mass critical care and triage allocation 
(rationing).
4. Federal support for research on best practices ahead of time, as well as real-time 
surveillance, epidemiologic research, and clinical trials during a public health 
emergency, will result in better evidence-based practices at the level of regional 
systems of care, and better clinical care.
4a) Since effectiveness of systems, as well as clinical interventions, may be 
age specific, research on pediatric aspects of care is especially important.
ACKNOWLEDGMENTS
The Pediatric Emergency Mass Critical Care Task Force thanks the American Academy of Pediatrics and its 
Disaster Preparedness Advisory Council for their review and contributions to this issue.
The Pediatric Emergency Mass Critical Care Task Force was supported, in part, by the Centers for Disease Control 
and Prevention.
REFERENCES
1. Devereaux A, Christian MD, Dichter JR, et al. Summary of suggestions from the Task Force for 
Mass Critical Care summit, January 26–27, 2007. Chest. 2008; 133:1S–7S. [PubMed: 18460502] 
2. Bravata, DM.; McDonald, KM.; Owen, DK., et al. Evidence Report/Technology Assessment No. 
96, AHRQ Publication No. 04-E016-2 (prepared by Stanford University of California San Francisco 
Evidence-based Practice Center under Contract No. 290-02-0017). Rockville, MD: Agency for 
Healthcare Research and Quality; 2004. Regionalization of bioterrorism preparedness and response. 
3. American Academy of Pediatrics. Committee on Pediatric Emergency Medicine. American College 
of Critical Care Medicine. Society of Critical Care Medicine. Consensus report for regionalization 
of services for critically ill or injured children. Pediatrics. 2000; 105:152–155. [PubMed: 10617722] 
4. American Academy of Pediatrics. American College of Obstetrics and Gynecology: Guidelines for 
Perinatal Care. Sixth Edition. Elk Grove Village, IL: American Academy of Pediatrics; 2007. 
5. American Academy of Pediatrics Committee on Pediatric Emergency Medicine, Yamamoto LG: 
Access to optimal emergency care for children. Pediatrics. 2007; 119:161–164. [PubMed: 
17200284] 
6. The pediatrician’s role in disaster preparedness. American Academy of Pediatrics Committee on 
Pediatric Emergency Medicine. Pediatrics. 1997; 99:130–133. [PubMed: 8989349] 
7. Goodman DC, Fisher ES, Little GA, et al. Are neonatal intensive care resources located according 
to need? Regional variation in neonatologists, beds, and low birth weight newborns. Pediatrics. 
2001; 108:426–431. [PubMed: 11483810] 
8. Richardson DK, Reed K, Cutler JC, et al. Perinatal regionalization versus hospital competition: The 
Hartford example. Pediatrics. 1995; 96:417–423. [PubMed: 7651771] 
9. Wall SN, Handler AS, Park CG. Hospital factors and nontransfer of small babies: A marker of 
deregionalized perinatal care? J Perinatol. 2004; 24:351–359. [PubMed: 15085165] 
10. Wise PH. The rebirth of pediatrics. Pediatrics. 2009; 123:413–416. [PubMed: 19117909] 
11. Pollack MM, Alexander SR, Clarke N, et al. Improved outcomes from tertiary center pediatric 
intensive care: A statewide comparison of tertiary and nontertiary care facilities. Crit Care Med. 
1991; 19:150–159. [PubMed: 1796932] 
12. Tilford JM, Simpson PM, Green JW, et al. Volume-outcome relationships in pediatric intensive 
care units. Pediatrics. 2000; 106:289–294. [PubMed: 10920153] 
13. Phibbs CS, Baker LC, Caughey AB, et al. Level and volume of neonatal intensive care and 
mortality in very-low-birth-weight infants. N Engl J Med. 2007; 356:2165–2175. [PubMed: 
17522400] 
Barfield et al. Page 11













14. Lasswell SM, Barfield WD, Rochat RW, et al. Perinatal regionalization for very low-birth-weight 
and very preterm infants: A meta-analysis. JAMA. 2010; 304:992–1000. [PubMed: 20810377] 
15. Osler TM, Vane DW, Tepas JJ, et al. Do pediatric trauma centers have better survival rates than 
adult trauma centers? An examination of the National Pediatric Trauma Registry. J Trauma. 2001; 
50:96–101. [PubMed: 11231677] 
16. Densmore JC, Lim HJ, Oldham KT, et al. Outcomes and delivery of care in pediatric injury. J 
Pediatr Surg. 2006; 41:92–98. [PubMed: 16410115] 
17. Petrosyan M, Guner YS, Emami CN, et al. Disparities in the delivery of pediatric trauma care. J 
Trauma. 2009; 67:S114–S119. [PubMed: 19667843] 
18. Hartman M, Watson RS, Linde-Zwirble W, et al. Pediatric traumatic brain injury is inconsistently 
regionalized in the United States. Pediatrics. 2008; 122:e172–e180. [PubMed: 18595962] 
19. Kanter RK. Regional variation in child mortality at hospitals lacking a pediatric intensive care unit. 
Crit Care Med. 2002; 30:94–99. [PubMed: 11902295] 
20. U.S. Department of Homeland Security. National Response Framework. Washington DC: 2008. 
21. Institute of Medicine. Guidance for Establishing Crisis Standards of Care for Use in Disaster 
Situations: A Letter Report. Washington DC: National Academies Press; 2009. 
22. Tanielian, T.; Ricci, K.; Stoto, et al. Exemplary practices in public health preparedness. Santa 
Monica, CA: RAND Center for Domestic and International Health Security; 2005. 
23. Emergency Medical Services for Children National Resource Center. Washington DC: 2007. 
Available at: http://bolivia.hrsa.gov/emsc/PerformanceMeasures.aspx. [Accessed July 10, 2010]
24. Cichon ME, Fuchs S, Lyons E, et al. A statewide model program to improve emergency 
department readiness for pediatric care. Ann Emerg Med. 2009; 54:198–204. [PubMed: 19181422] 
25. Markenson D, Krug S. Developing pediatric emergency preparedness performance measures. Clin 
Pediatr Emerg Med. 2009; 10:229–239.
26. Shirm S, Liggin R, Dick R, et al. Prehospital preparedness for pediatric mass-casualty events. 
Pediatrics. 2007; 120:e756–e761. [PubMed: 17908733] 
27. Auf der Heide E. The importance of evidencebased disaster planning. Ann Emerg Med. 2006; 
47:34–49. [PubMed: 16387217] 
28. Institute of Medicine. Committee on the Future of Emergency Care in the US Health System: 
Emergency care for children: Growing pains. Washington, DC: National Academies Press; 2006. 
29. Gausche-Hill M, Schmitz C, Lewis RJ. Pediatric preparedness of US emergency departments: A 
2003 survey. Pediatrics. 2007; 120:1229–1237. [PubMed: 18055671] 
30. Middleton KR, Burt CW. Availability of pediatric services and equipment in emergency 
departments: United States, 2002–03. Adv Data. 2006; 367:1–16. [PubMed: 16544808] 
31. American Academy of Pediatric, Committee on Pediatric Emergency Medicine, American College 
of Emergency Physicians, et al. Joint policy statement–guidelines for care of children in the 
emergency department. Pediatrics. 2009; 124:1233–1243. [PubMed: 19770172] 
32. Althouse LA, Stockman JA 3rd. Pediatric workforce: A look at pediatric emergency medicine data 
from the American Board of Pediatrics. J Pediatr. 2006; 149:600–602. [PubMed: 17095327] 
33. Mayer ML. Are we there yet? Distance to care and relative supply among pediatric medical 
subspecialists. Pediatrics. 2006; 118:2312–2321.
34. Thompson T, Lyle K, Mullins SH, et al. A state survey of emergency department preparedness for 
the care of children in a mass casualty event. Am J Disaster Med. 2009; 4:227–232. [PubMed: 
19860165] 
35. Hogan, DE.; Lairet, JR. Triage. In: Hogan, DE.; Burstein, JL., editors. Disaster Medicine. Second 
Edition. Philadelphia, PA: Lippincott Williams & Wilkins; 2007. 
36. Kanter RK, Dexter F. Criteria for identification of comprehensive pediatric hospitals and referral 
regions. J Pediatr. 2005; 146:26–29. [PubMed: 15644817] 
37. Kanter RK, Egan M. Utilization of pediatric hospitals in New York State. Pediatrics. 2003; 
111:1068–1071. [PubMed: 12728090] 
38. New York State Department of Health. Pediatric and obstetrical emergency preparedness toolkit: A 
guide for pediatric and obstetrical emergency planning. Albany, NY: New York State Department 
Barfield et al. Page 12













of Health; 2008. Available at: www.health.state.ny.us/facilities/hospital/emergency_preparedness/
guideline_for_hospitals/index.htm. [Accessed July 10, 2010]
39. Kanter RK, Moran JR. Hospital emergency surge capacity: An empiric New York statewide study. 
Ann Emerg Med. 2007; 50:314–319. [PubMed: 17178173] 
40. Randolph AG, Gonzales CA, Cortellini L, et al. Growth of pediatric intensive care units in the 
United States from 1995 to 2001. J Pediatr. 2004; 144:792–798. [PubMed: 15192628] 
41. Althouse LA, Stockman JA 3rd. Pediatric workforce: A look at pediatric critical care medicine data 
from the American Board of Pediatrics. J Pediatr. 2006; 149:390–392. [PubMed: 16939754] 
42. Nance ML, Carr BG, Branas CC. Access to pediatric trauma care in the United States. Arch Pediatr 
Adolesc Med. 2009; 163:512–518. [PubMed: 19487606] 
43. American Academy of Pediatrics Section on Orthopaedics, American Academy of Pediatrics 
Committee on Pediatric Emergency Medicine, American Academy of Pediatrics Section on 
Critical Care, et al. Management of pediatric trauma. Pediatrics. 2008; 121:849–854. [PubMed: 
18381551] 
44. Klein MB, Kramer CB, Nelson J, et al. Geographic access to burn center hospitals. JAMA. 2009; 
302:1774–1781. [PubMed: 19861669] 
45. Kanter RK. Strategies to improve pediatric disaster surge response: Potential mortality reduction 
and tradeoffs. Crit Care Med. 2007; 35:2837–2842. [PubMed: 17901842] 
46. Kanter RK, Moran JR. Pediatric hospital and intensive care unit capacity in regional disasters: 
Expanding capacity by altering standards of care. Pediatrics. 2007; 119:94–100. [PubMed: 
17200275] 
47. Kanter RK. Pediatric mass critical care in a pandemic. Pediatr Crit Care Med. 2010 Oct 28. [Epub 
ahead of print]. 
48. Blackmon LR, Barfield WD, Stark AR. Hospital neonatal services in the United States: Variation 
in definitions, criteria, and regulatory status, 2008. J Perinatol. 2009; 29:788–794. [PubMed: 
19812583] 
49. Hamilton BE, Martin JA, Sutton PD, et al. Births: Final data for 2007. Natl Vital Stat Rep. 2010; 
58:1–85. [PubMed: 21254725] 
50. Althouse LA, Stockman JA 3rd. Pediatric workforce: A look at neonatal-perinatal medicine data 
from the American Board of Pediatrics. J Pediatr. 2006; 148:727–729. [PubMed: 16769376] 
51. Louie JK, Acosta M, Jamieson DJ, et al. Severe 2009 H1N1 influenza in pregnant and postpartum 
women in California. N Engl J Med. 2010; 362:27–35. [PubMed: 20032319] 
52. Aharonson-Daniel L, Waisman Y, Dannon YL, et al. Epidemiology of terror-related versus non-
terror-related traumatic injury in children. Pediatrics. 2003; 112:e280. [PubMed: 14523212] 
53. Centers for Disease Control and Prevention. Predicting casualty severity and hospital capacity. 
Atlanta, GA: 2003. Available at: http://www.bt.cdc.gov/masscasualties/capacity.asp. [Accessed 
January 6, 2010]
54. Peleg K, Aharonson-Daniel L, Stein M, et al. Gunshot and explosion injuries: Characteristics, 
outcomes, and implications for care of terror-related injuries in Israel. Ann Surg. 2004; 239:311–
318. [PubMed: 15075646] 
55. U.S. Census Bureau. Age and Sex, Table S0101. Washington DC: 2005 American Community 
Survey, U.S. Census Bureau; 2006. 
56. Centers for Disease Control and Prevention (CDC). Surveillance for pediatric deaths associated 
with 2009 pandemic influenza A (H1N1) virus infection - United States, April–August 2009. 
MMWR Morb Mortal Wkly Rep. 2009; 58:941–947. [PubMed: 19730406] 
57. Graham J, Shirm S, Liggin R, et al. Mass-casualty events at schools: A national preparedness 
survey. Pediatrics. 2006; 117:e8–e15. [PubMed: 16396851] 
58. Markenson D, Reynolds S. American Academy of Pediatrics Committee on Pediatric Emergency 
Medicine, et al. The pediatrician and disaster preparedness. Pediatrics. 2006; 117:e340–e362. 
[PubMed: 16452341] 
59. Odetola FO, Gebremariam A, Davis MM. Comorbid illnesses among critically ill hospitalized 
children: Impact on hospital resource use and mortality, 1997–2006. Pediatr Crit Care Med. 2010; 
11:457–463. [PubMed: 20595822] 
Barfield et al. Page 13













60. National Commission on Children and Disaster. 2010 Report to the President and Congress. 
AHRQ Publication No. 10-M037. Rockville, MD: Agency for Healthcare Research and Quality; 
2010 Oct. Available at: http://www.ahrq.gov/prep/nccdreport/. [Accessed September 23, 2011]
APPENDIX
Task force members in alphabetical order
Terry Adirim, MD, MPH, Department of Homeland Security, Washington, DC; Michael 
Anderson, MD, FAAP, Rainbow Babies and Children’s Hospital, Cleveland, OH (Steering 
Committee); Andrew Argent, MD, University of Cape Town Red Cross War Memorial 
Children’s Hospital, Cape Town, South Africa; Armand H. Antommaria, MD, PhD, 
University of Utah School of Medicine, Salt Lake City, UT; Carl Baum, MD, Yale-New 
Haven Children’s Hospital, Woodbridge, CT; Nancy Blake, RN, MN, American Association 
of Critical Care Nurses, Los Angeles, CA; Desmond Bohn, MB, The Hospital for Sick 
Children, Toronto, Ontario, Canada (Steering Committee); Dana Braner, MD, Oregon 
Health and Science University, Portland, OR; Debbie Brinker, RN, MSN, American 
Association of Critical Care Nurses, Spokane, WA (Steering Committee); James Broselow, 
MD, University of Florida, Hickory, NC; Frederick Burkle, MD, MPH, DTM, FAAP, 
FACEP, Harvard School of Public Health, Cambridge, MA (Steering Committee); Jeffrey 
Burns, MD, MPH, Children’s Hospital Boston, Boston, MA (Steering Committee); Michael 
D. Christian, MD, FRCP(C), University of Toronto, Toronto, Ontario, Canada (Steering 
Committee); Sarita Chung, MD, Children’s Hospital Boston, Boston, MA; Edward E. 
Conway Jr, MD, MS, FAAP, FCCM, Beth Israel Medical Center, New York, NY (Steering 
Committee); Arthur Cooper, MD, MS, FACS, FAAP, FCCM, FAHA, Columbia University 
Medical Center, New York, NY; Steven Donn, MD, FAAP, CS Mott Children’s Hospital, 
Ann Arbor, MI (Steering Committee); Andrew L. Garrett, MD, MPH, Department of Health 
and Human Services, Washington, DC; Marianne Gausche-Hill, MD, FACEP, FAAP, 
Harbor-UCLA Medical Center, Torrance, CA (Steering Committee); James Geiling, MD, 
VA Medical Center, White River Junction, VT; Robert Gougelet, MD, New England Center 
for Emergency Preparedness, Lebanon, NH; Robert K. Kanter, MD, SUNY Upstate Medical 
University, Syracuse, NY (Steering Committee); Niranjan Kissoon, MD, FRCP(C), The 
British Columbia Children’s Hospital, Vancouver, BC (Steering Committee, Chair); Steven 
E. Krug, MD, FAAP, Northwestern University’s Feinberg School of Medicine, Chicago, IL 
(Steering Committee); Maj. Downing Lu, MD, MPH, FAAP, Walter Reed Army Medical 
Center, Washington, DC; Robert Luten, MD, University of Florida, Jacksonville, FL; Lt Col 
(USAFR) Michael T. Meyer, MD, FAAP, Wilford Hall Medical Center, Lackland AFB and 
Medical College of Wisconsin, Milwaukee, WI; Jennifer E. Miller, MS, Bioethics 
International, New York, NY (Steering Committee); W. Bradley Poss, MD, University of 
Utah, Salt Lake City, UT; Tia Powell, MD; Montefiore-Einstein Center for Bioethics and 
Einstein-Carodoz Masters of Science in Bioethics, Montefiore Medical Center and Albert 
Einstein College of Medicine, Bronx, NY; Dave Siegel, MD, National Institutes of Health, 
Bethesda, MD; Paul Sirbaugh, DO, Texas Children’s Hospital, Houston, TX; Ken 
Tegtmeyer, MD, FAAP, FCCM, Cincinnati Children’s Hospital Medical Center, Cincinnati, 
OH (Steering Committee); Philip Toltzis, MD, Rainbow Babies and Children’s Hospital, 
Cleveland, OH (Steering Committee); Donald D. Vernon, MD, University of Utah, Salt 
Barfield et al. Page 14













Lake City, UT (Steering Committee); Jeffrey S. Upperman, MD, Children’s Hospital Los 
Angeles, Los Angeles, CA (Steering Committee).
Barfield et al. Page 15
Pediatr Crit Care Med. Author manuscript; available in PMC 2015 September 06.
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
